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MANUFACTURING PROCESS FOR
TIGECYCLINE

This application claims priority from provisional applica-
tion, application No. 60/691,173 filed Jun. 16, 2005 the entire
disclosure of which 1s hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to a manufacturing process
tor the preparation of tigecycline.

BACKGROUND OF THE INVENTION

Tigecycline 1s an antibiotic with a broad spectrum of anti-
bacterial activity. Importantly tigecycline 1s effective against
several resistant strains of bacteria. Tigecycline in a powder
presentation 1s reconstituted by the addition of a compatible
reconstitution diluent prior to intravenous infusion. The anti-
biotic tigecycline 1s a t-butylglycyl substituted naphthacen-
ecarboxamide free base.

Tigecycline 1s however ditficult to manufacture because it
1s vulnerable to degradation including oxidative degradation
from atmospheric oxygen and epimer formation.

There 1s therefore a need for a manufacturing process
which controls epimerization and oxidation of tigecycline in
bulk manufacturing.

SUMMARY OF THE INVENTION

The present mvention 1s directed to a manufacturing pro-
cess Tor tigecycline by controlling epimer formation and oxi-
dation degradation during the bulk manufacturing of the lyo-
philized powder presentation. In particular, controlling the
temperature and oxygen level during the steps of the process
are important features of the invention.

Tigecycline 1s protected during the process by sparging
with an inert gaseous medium comprising a nonreactive gas,
such as nmitrogen, and control of the temperature.

An embodiment of the invention 1s to provide the manu-
facture of tigecycline with total degradants less than 0.9% by
controlling the level of dissolved oxygen 1n conjunction with
temperature control of the bulk aqueous solution.

A Tfurther embodiment of the ivention 1s to provide a
manufacturing process for tigecycline as a reconstitutable
powder having less than 0.9% total degradants and to further
provide the tigecycline reconstitutable powder from solutions
of water for injection (WFI) and tigecycline on at least an 80
L scale.

An embodiment of the mvention is to provide a manufac-
turing process of tigecycline in WFI water at a concentration
of about 10 to 50 mg/ml, preferably 20 mg/ml wherein the
oxygen level in the water 1s less than 0.5 ppm by sparging said
water with gaseous nitrogen and wherein said solution may be
added to vials and the solution 1n said vials lyophilized to a
reconstitutable powder.

An additional embodiment of the invention 1s to provide a
manufacturing process having a total manufacturing hold
time for bulk solution of about 13 to about 24 hours for the
production of tigecycline powder.

A further embodiment of the mnvention 1s to provide tige-
cycline powder available for reconstitution prior to intrave-
nous administration and having a shelf life of at least 18
months.

An additional embodiment of the invention is to provide a
manufacturing process wherein the WFI water 1s at a tem-
perature ol about 2° C. to about 8° C.
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2

A further embodiment of the invention 1s to provide a
maximum sterile holding time from the filling of the first vial
to the start of lyophilization cycle of 6 hours.

An embodiment of the invention 1s to provide a manuiac-
turing process for the production of tigecycline as a reconsti-
tutable powder having less than 0.9% total degradants com-
prising the steps:

a. reducing and maintaining the oxygen level in WFI water
to less than or equal to 0.5 ppm while maintaiming the
temperature at about 2° C. to about 8° C.;

b. forming a solution of tigecycline 1n said water of step a
at a concentration of about 10 to 50 mg/ml while main-
taining said temperature and oxygen level,;

c. filling vials with said solution of step b;

d. lyophilizing said solution of step ¢ to form 25 mg to 150
mg of reconstitutable powder 1n a vial; and

¢. sealing said vial under nitrogen.

Preferably a solution of tigecycline 1n step b of the above
described process 1s at a concentration of about 20 mg/ml.

Preferably 50 mg to 150 mg, more preferably 50 mg of
reconstitutable powder 1s 1n the vial of step d of the above
described process.

The lyophilized and reconstituted tigecycline powder has
been analyzed to have a reverse-phase HPLC elution profile
substantially as shown 1n FIG. 1.

Another embodiment of the present invention 1s to provide
a reconstitutable powder of tigecycline wherein the powder
has less than 0.9% total degradants. In a further embodiment
the powder has less than 0.5% total degradants.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a typical chromatogram of the reverse-phase
HPLC elution profile of tigecycline from the manufacturing
process.

FIG. 2 shows the steps of the tigecycline manufacturing
Process.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a manufacturing process
for tigecycline as a reconstitutable powder having less than
0.9% total degradants. The process to prepare the tigecycline
reconstitutable powder may be provided from solutions of
water for imjection (WFI) and tigecycline on an 80 L scale or
greater than an 80 L scale.

By total degradants, we mean compounds or products that
are the result of degradation of tigecycline, including those
formed due to oxidation of tigecycline (for example at the
C-11 position forming a hydroxyl group or at the C-6 position
followed by dehydration to form a 6-ene product), or those
compounds or products formed due to secondary reactions
(e.g. decarboxylation, hydrolysis, photoreactions or ring clo-
sures) (for example those products formed due to photo-
induced reaction through hydrolysis and deamination at C-4
position). Included in the definition 1s epimer. Excluded from
the definition are minocycline and 9-amino minocycline.

By “less than 0.9% total degradants”, we mean the ratio of
total degradants to tigecycline 1s less than 0.9% at 24 hours
alter forming the solution of tigecycline, but prior to lyo-
philization.

Generally the process provides a solution of tigecycline 1n
WFI water at a concentration of about 10 to 50 mg/ml, pret-
erably 20 mg/mlL wherein the oxygen level in the water 1s less
than 0.5 ppm by sparging said water with gaseous nitrogen
and wherein said solution may be added to vials and the
solution 1s said vials lyophilized to a reconstitutable powder.
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The mvention provides a manufacturing process having a
total manufacturing hold time for the bulk solution of about
13 to about 24 hours for the production of tigecycline powder
available for reconstitution and further having a shelf life of at
least 18 months.

The mvention provides a manufacturing process wherein
the WFI water 1s held at a temperature of about 2° C. to about
8° C. and the water 1s further sparged with nitrogen so the
oxygen level 1s below 5 ppm.

A maximum sterile holding time from the filling of the first 10
vial with bulk solution to the start of lyophilization cycle of 6
h has been developed to ensure control of degradation.

The mvention provides a manufacturing process for the
production of tigecycline as a reconstitutable powder having,
less than 0.9% total degradants by first reducing and main- 15
taining the oxygen level in WFI water to less than 0.5 ppm
while maintaining the temperature at about 2° C. to about 8°
C. belfore adding tigecycline and forming a solution at about
10 to 50 mg/ml while still maintaining the temperature and
oxygen level. The solution of tigecycline in water can be 20
added to vials and further lyophilized to a reconstitutable
powder and the vial further sealed under nitrogen.

Preferably the solution of tigecycline 1s at 20 mg/ml and the
vial has about 50 mg of reconstitutable powder following
lyophilization. 25

EXAMPLES

The following examples represent the process of the inven-
tion and are presented for purposes of 1llustration only. While 30
the invention has been described in detail and with reference
to specific embodiments, 1t will be apparent to one skilled in
the art that various changes and modifications may be made to
such embodiments without departing from the spirit and
scope of the invention. 35

The following describes a typical manufacturing process
tor Tigecycline for Imjection for a typical batch size of 80 L.

Non-Sterile Bulk Formulation Stage

1. Before starting bulk formulation stage, purge with fil-
tered nitrogen the formulation and filling lines, product
transier line and the formulation, intermediate and hold-
ing tanks.

2. Add approximately 93% (76 L) of required amount of
Water for Injection 1n the formulation tank and chill the
water to 2° C.-8° C. while sparging with filtered nitro-
gen, until the dissolved oxygen content 1s =0.5 mg/L
(ppm).

3. Measure the dissolved oxygen content of the water. If the
dissolved oxygen content 1s greater than 0.5 mg/L, con- 5,
tinue to sparge the water with filtered nitrogen until
dissolved oxygen content 1s =0.5 mg/LL (ppm), and the
temperature 1s 2° C.-8° C.

4. Continue sparging and pressurize the holding tank with
filtered nitrogen. Discontinue sparging of the water 1n 55
the formulation tank prior to adding the drug substance
and continue with a filtered mitrogen blanket.

5. Add 1600 g of drug substance to the tank ensuring that
the drug substance 1s not exposed to air by maintaining
filtered nitrogen flow during the entire process. 60

6. Mix the bulk solution. The solution temperature must be
2° C.-8° C.

7. Add Water for Injection to formulation tank until the
final volume/weight (80 L) 1s reached and mix the solu-
tion. 65

8. Maintain a filtered nitrogen blanket 1n the formulation
tank. Measure the dissolved oxygen content.

40
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9. It the dissolved oxygen content of the solution 1s more
than 0.5 mg/L, continue filtered nitrogen sparging until
a stable dissolved oxygen content measure 1s obtained.

Aseptic Filtration and Filling

1. Fill into sterilized glass vials and check fill weight peri-
odically. Partially stopper the vials. This process should
be completed with 6 hours (Maximum allowable sterile
solution hold time)

2. Load trays with partially stoppered vials from the filling
machine. Place the filled trays 1n closed transport carts.

3. The manufacturing process up to this step should be
completed with 13-24 hours (Maximum allowable Bulk
solution hold time)

Lyophilization
1. Set shelf inlet temperature to 2° C. (£5° C.).

. Load the vials.

. Close the freeze dryer door to start the cycle.

. Reduce the shelves inlet temperature to —45° C. Hold at
shell 1inlet temperature of —45° C. (£5° C.) for up to 4
hours or until product temperature o1 —17° C. or below 1s
achieved.

5. Reduce chamber pressure to 150 mTorr (mT)+150 mT

prior to start the Primary Drying Stage.’

6. Start Primary Drying, and continue for up to 20 hours
(shell temperature: -10° C. to +25° C.) or until the
product temperature rises above 0° C., by increasing the
shelf temperature to restrict product temperature below
the collapse temperature (—6.5° C.)/eutectic temperature
(-0.74° C.) of the product.

7. Perform Terminal Drying by increasing the shell inlet
temperature to 40° C. (£5° C.) and hold up to 9 hours or
until the product temperature 1s maintained at >30° C.
for at least 3 hours.

8. Break to a partial vacuum of 12.5 psi (0.5 ps1) with
filtered nitrogen and completely stopper the vials.

9. Break partial vacuum to atmospheric pressure.

10. Remove the vials from the dryer and crimp-seal.

HPLC Testing

The contents of the sample vials are dissolved in diluent.
The sample solution 1s diluted, 11 necessary, and chromato-
graphed on a reversed phase column using gradient elution.
Impurities are determined by comparing the impurity peak
areas 1n the sample preparation chromatogram to the average
area ol tigecycline peaks 1n the standard preparation chro-
matograms obtained concomitantly.

Chromatographic Column—Length about 15 ¢m, mside
diameter about 4.6 mm, packed with Inertsil ODS2, 5 um size
particles or equivalent.

Detector—Ultraviolet  spectrophotometric  detector
capable of operating at 248 nm with a sensitivity of about 0.5
absorbance units full scale.

= I Do

Reagents and Materials

Acetonitrile—HPLC grade.

Water—Suitable for HPLC.

Phosphoric Acid—Reagent grade, approx. 87% H3PO4.
Potassium Hydroxide Solution (1N)—Reagent grade.
Trnfluoroacetic Acid—Reagent grade.

Dibasic Potassium Phosphate—K2HPO4, HPLC grade.

Sodium EDTA—(Ethylenedimitrilo)—Tetraacetic  Acid
Disodium Salt—HPLC grade.

Sodium Bisulfite—NaHSO3, Reagent grade.
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Mobile Phase A—Dissolve 4.35 g of dibasic potassium phos-
phate and 0.93 g of sodium.

EDTA 1n 950 mL of water. Adjust pH to 6.4 with phosphoric
acid. Add 50 mL of acetonitrile and mix well. Filter through
a 0.45 um pore size membrane {ilter, 1f necessary. Degas, 11
necessary.

Mobile Phase B—Dissolve 4.35 g of dibasic potassium phos-
phate and 0.93 g of sodium.

EDTA 1n 500 mL of water. Adjust pH to 6.4 with phosphoric
acid. Add 500 mL of acetonitrile and mix well. Filter through
a 0.45 um pore size membrane {ilter, 1f necessary. Degas, 1
necessary.

Diluent—Weigh 4.35 g of dibasic potassium phosphate and
0.50 g of sodium bisulfite into a one liter volumetric flask.
Dissolve and dilute to volume with water. Adjust the pH of
this solution to 8.0 with 1N potasstum hydroxide.

EDTA Solution—Weigh 3.7 g of sodium EDTA 1nto a one
liter volumetric flask. Dissolve with 950 ml. water. Add 50
ml. acetonitrile and mix well.

Tigecycline Reference Standard—O{1 known strength (S).

The results of additional studies to mvestigate the effect of
processing parameters such as temperature, time, and dis-
solved oxygen content on the purity profile of tigecycline
solutions using the following materials, methods and proce-
dures are presented 1n Tables A to O.

Matenals and Methods
Tigecycline Drug Substance Lot # 8718358C
0.1N NaOH Lot #9712031
0.1N HCI Lot # 2853
Sterile Water For Injection Lot # J3N472 (B. Braun)

Procedure

The experiments were run 1n plastic glove bags under nor-
mal laboratory light conditions. Plastic glove boxes will be
used to control the headspace of the beakers. The batch size
was 200 mL.

1. Prepare the glove bag with a mixture of nitrogen and air
to achieve an oxygen level in the solution as per the
design.

2. Place the jacketed beaker on the magnetic stirrer. Con-
nect 1t to the cooler. Set the cooler to the desired set
point.

3. Add 200 mL of SWFI 1n to the beaker. Allow equilibrat-
ing. Measure the temperature and oxygen content. When
it reaches the desired condition, add accurately weighed
API and mix until dissolved. If necessary use spatula to
aid dissolution. For pH adjustments, use 4 mL of either
0.1IN NaOH or 0.1N HCI and 196 mL of WFI for manu-

facture.
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4. After complete dissolution, Transfer about 5.5 mL of
Solution 1n vials and stopper them. These vials will be
stoppered at the appropriate headspace conditions. Place
the vials 1n appropriate temperature conditions.

5. Sample the vials at 1, 4, 8, 10, 12 and 24 hours. Send the

samples for analysis. Freeze the 10, 12 and 24 samples at
—20° C. for analysis the following day.

6. Measure pH and record color of the solution at each time
point.

Results

Experimental Conditions

The 1-hour samples were taken directly from the beakers.
Samples for later time points were collected 1n stoppered
vials processed in the atmosphere of the bag in order to
simulate the headspace conditions then placed in water baths
or refrigerator to maintain there respective temperature con-
ditions. This was done to maintain satfety 1n the lab. Dispos-
able plastic glove bags require constant flow of a mixture of
nitrogen and air to maintain headspace oxygen level that wall
result 1n the desired dissolved oxygen (DO) content in the
sample. The pH of samples was measured at each sample
points.

Strength and Degradation Profile

Strength and degradation profile was analyzed by HPLC as
described above. The results show that when oxygen 1is
removed from the process and the temperature 1s controlled,
very little degradation 1s seen. Degradation was slightly
higher at higher temperature condition.

The results of these additional studies show that when
oxygen 1s removed from the process, very little degradation 1s
seen (seeruns H, I, and K-O). Degradation was slightly higher
at higher temperature condition. The range of pH (7.7-8.2)
studied did not have any significant effect on the degradation
of tigecycline bulk solution however, a slightly higher degra-
dation was seen for sample at pH 8.2, temperature of 8° C. and
2 ppm dissolved oxygen when compared to solutionat pH 7.7
and similar temperature and dissolved oxygen content. The
total amount of degradation after 24 hours shows an interac-
tion between temperature and the dissolved oxygen level in
the solution. The total amount of degradation components
found 1s mimimized when the oxygen level 1s between 0 and
about 0.4 ppm regardless of the temperature that the bulk
solution was prepared or held at. From an oxygen level 01 0.4
ppm to 1.2 ppm—the total amount of degradation products
can still be minimized as long as the temperature the bulk
solution 1s produced and held at 1s lowered from 4° C. to 2° C.
as the oxygen level increases. As shown 1n comparative Runs
A-G and J unexceptable degradant levels are found.

Run #A: Tigecycline 20 mg/mL, (Temperature 2° C., pH 8.2, Oxygen = 2.0 mg/L)

RRT
Strength MW =633 MW=572 MW =601 MW = 583 9-Amino  Epimer

Hours  (mg/mL) 0.12 0.23 0.50 0.55 0.58 0.64 0.74
1 19.639 BRL BRL BRL BRL 0.07 BRL 0.1%

4 19.610 BRL BRL BRL 0.10 0.06 BRL 0.20

8 19.473 BRL 0.07 BRL 0.17 0.06 BRL 0.19

10 19.806 BRL 0.18 0.07 0.21 0.07 BRL 0.25
12 19.901 0.05 0.19 0.0% 0.19 0.06 BRL 0.26
24 19.504 BRL 0.34 0.15 0.28 0.07 BRL 0.23
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-continued
Run #A: Tigecycline 20 mg/mL, (Temperature 2° C., pH 8.2, Oxygen = 2.0 mg/L)
RRT
MW =557 Mino MW=556 MW =597
Hours 0.76 0.78 1.64 1.67 1.85 1.12 145 1.58 Total
1 BRL BRL 0.10 BRL 0.06 BRL 0.06 BRL 047
4 0.06 BRL 0.10 0.09 0.08 BRL 0.08 BRL 0.76
8 BRL BRL 0.10 0.14 0.07 BRL 0.07 BRL 0.86
10 BRL 0.06 0.10 0.18 0.08 BRL 0.08 BRL 1.26
12 0.06 0.06 0.10 0.19 0.08 BRL 0.08 BRL 1.40
24 0.06 0.08 0.11 0.29 0.14 BRL 0.09 BRL 1.86
RRT 1s the relative retention (in column chromatography): ratio of the net retention volume (time) of a compo-
nent relative to a standard under identical conditions.
BRL means below reporting limit (meaning less than 0.05% of tigecycline peak)
Run #B: Tigecycline 20 mg/mL, (Temperature 8° C., pH 8.2, Oxygen = 2.0 mg/L)
RRT
Time Strength MW =633 MW=570 MW=572 MW =601 MW =583 9-Amino
(Hrs) (mg/ml) 0.09 0.10 0.12 0.14 0.23 0.36 0.50 0.35 0.58 0.64
1 19.149 BRL BRL BRL BRL BRL BRL BRL 0.11 0.07 BRL
4 19.046 BRL BRL BRL BRL 0.15 BRL 0.08 0.20 0.06 BRL
&8 18.795 BRL BRL BRL 0.07 0.36 BRL 0.17 0.27 0.06 BRL
10 19.144 0.10 0.10 0.14 BRL 0.55 0.06 0.25 0.32 BRL BRL
12 18.668 0.12 0.14 0.21 BRL 0.62 0.06 0.27 0.29 BRL BRL
24 17.784 0.23 0.19 0.40 0.06 1.46 0.14 0.62 0.42 BRL 0.06
RRT
Time Epimer MW =557 MW=3528 Mino MW=3556 MW =597 All
(Hrs) 0.74  0.76 0.78 1.25 1.64 1.67 1.85 2.25 1.45 Others Total
1 0.20  BRL BRL BRL 0.10 0.14 0.08 BRL. 0.07 BRL 0.75
4 0.19 BRL BRL BRL 0.05 0.25 0.07 BRL 0.0/ BRL 1.12
8 0.23 0.06 0.07 BRL 0.07 0.35 0.07 BRL. 0.07 BRL  1.85
10 0.22  BRL 0.07 0.08 0.11 0.29 0.09 BRLL. BRL BRL  2.38
12 0.24  BRL 0.08 0.11 0.09 0.23 0.08 BRL. 0.07 BRL  2.61
24 0.23 0.05 0.16 0.25 0.11 0.50 0.11 0.12 0.06 0.19 5.36
Run #C Tigecycline 20 mg/mL (Temperature 2° C., pH 7.7 Oxygen = 2 mg/L)
RRT
Strength MW =633 MW=572 MW=601 MW =383 9-Amino Epimer
Hours (mg/mL) 0.12 0.23 0.50 0.55 0.58 0.64 0.74
1 19.339 BRL BRL BRL BRL 0.08 BRL 0.20
4 19.246 BRL BRL BRL 0.08 0.06 BRL 0.19
8 19.031 BRL 0.05 BRL 0.14 0.06 BRL 0.19
10 19.415 BRL 0.15 0.06 0.23 0.06 BRL 0.27
12 19.048 BRL 0.17 0.07 0.21 0.07 BRL 0.30
24 19.226 BRL 0.30 0.14 0.28 0.05 BRL 0.21
RRT
MW =557 Mino MW=556 MW =597
Hours 0.76 0.78 1.64 1.67 1.85 1.12 145 1.58 Total
1 0.08 BRL 0.10 BRL 0.06 BRL 0.07 BRL 0.59
4 BRL BRL 0.09 0.05 0.06 BRL 0.07 BRL 0.60
8 BRL BRL 0.11 0.14 0.07 BRL 0.13 BRL 0.87
10 BRL BRL 0.10 0.17 0.08 BRL 0.07 BRL 1.20
12 0.05 0.06 0.10 0.20 0.08 BRL 0.07 BRL 1.3%
24 BRL BRL 0.09 0.27 0.07 BRL 0.06 0.07 1.52
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Run #D: Tigecycline 20 mg/mL, (Temperature 8° C., pH 7.7, Oxygen = 2.0 mg/L
RRT
Time Strength MW =633 MW=572 MW =601 MW =383 9-Amino Epimer
(Hrs) (mg/ml) 0.09 0.10 0.12 0.23 0.36 0.50 0.55 0.58 0.64 0.74
1 19.168 BRL BRL BRL BRL BRL BRL 0.08 0.06 BRL 0.19
4 18918 BRL BRL BRL 0.10 BRL 0.06 0.16 0.05 BRL 0.18
& 18915 BRL BRL BRL 0.23 BRL 0.12 0.23 0.05 BRL 0.19
10 19.292 BRL 0.12 0.09 0.45 0.06 0.21 0.27 0.05 BRL 0.25
12 18728 BRL 0.19 0.14 0.55 0.06 0.24 0.29 BRL BRL 0.24
24 18.050 0.09 0.18 0.28 1.14 0.11 0.53 0.36 0.05 BRL 0.27
RRT
Time MW =557 MW =528 Mino MW =556 MW =597 All
(Hrs)  0.76 0.78 1.25 1.64 1.67 1.85 2.25 145 1.58 Others Total
1 BRL BRL BRL 0.08 0.10 0.08 BRL 0.07 BRL BRL  0.65
4 BRL BRL 0.05 (<0.05) 0.21 0.08 BRL 0.19 BRL BRL 1.09
8 BRL BRL BRL 0.11 0.37 0.14 BRL 0.06 006 BRL 1.57
10 0.05 0.09 0.06 0.10 0.24 0.08 BRL 0.07 BRL  0.07 2.27
12 BRL 0.07 0.10 0.08 0.28 0.09 BRL 0.10 BRL 0.05 2.47
24 BRL 0.15 0.19 0.09 0.51 0.10 0.15 0.07 BRL 0.05 4.32
Tigecycline 20 mg/mL, Run #E, (5° C. Temperature, Oxygen = 2.0 mg/mL)
RRT
Time  Strength MW =633 MW=570 MW =572 MW =601 MW =583
(Hrs) (mg/mL) 0.09 0.10 0.12 0.14 0.23 0.36 0.50 0.55
1 19.261 BRL BRL BRL BRL BRL BRL BRL 0.07
4 19.215 BRL BRL BRL BRL 0.08 BRL BRL 0.17
8 18.970 BRL BRL BRL 0.06 0.26 BRL 0.12 0.22
12 18.475 0.07 0.12 0.11 BRL 0.61 BRL 0.33 0.33
24 17.950 0.10 0.16 0.17 0.10 0.99 0.08 0.46 0.43
RRT
Time Epimer MW =328 Mmo MW=355 MW=597 All
(Hrs) 0.38 0.74 0.76 1.25 1.64 1.67 1.85 2.25 145 Others Total
1 0.08 0.16 0.05 BRL 0.09 0.08 0.08 BRL 0.08 BRL  0.67
4 0.07 0.17 0.05 BRL 0.10 0.16 0.07 BRL 0.08 BRL  0.96
g8  0.07 0.19 0.11 BRL 0.10 0.26 0.09 BRL 0.10 BRL  1.58
12 0.07 0.24 0.12 0.23 0.07 0.39 0.11 0.28 0.08 BRL  3.15
24 0.05 0.28 0.13 0.27 BRL 0.44 < 0.12 0.33 0.07 0.07 4.23
“ Mino 1s co-eluting
Tigecycline 20 mg/mlL., Run #F, (2° C. Temperature, Oxvgen = 1.0 mg/mlL)
RRT
Time Strength MW =570 MW=5372 MW=601 MW =383 Epimer Mino MW =556 MW =597
(Hrs) (mg/ml) 0.14 0.23 0.50 0.55 0.58 0.74 076 1.64 1.67 1.85 1.45  Total
1 18.733 BRL BRL BRL BRL 0.08 0.15 BRL 0.10 BRL 0.07 0.07 0.47
4 18.700 BRL BRL BRL 0.10 0.07 0.16 BRL 0.09 0.12 0.09 0.07 0.71
& 18.729 BRL 0.09 0.06 0.13 0.08 0.17 0.07 0.10 0.14 0.08 0.09 1.00
12 18.543 BRL 0.13 0.07 0.16 0.07 0.18 0.06 0.09 0.15 0.09 0.08 1.07
24 18.818 0.08 0.29 0.12 0.21 0.07 0.19 0.06 0.10 0.16 0.08 0.07 1.43
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Tigecycline 20 mg/mL., Run #G, (5° C. Temperature, Oxygen = 1.0 mg/mL)

RRT
Time Strength MW =570 MW =372 MW =601 MW =583 Epimer
(Hrs) (mg/ml) 0.14 0.23 0.36 0.50 0.35 0.58 0.74
1 18.577 BRL BRL BRL BRL BRL 0.08 0.16
4  18.694 BRL 0.07 BRL BRL 0.10 0.07 0.17
8  18.4%7 BRL 0.17 BRL 0.09 0.13 0.07 0.18
12 18.507 BRL 0.27 BRL 0.13 0.16 0.07 0.20
24 18.5%7 0.09 0.52 0.06 0.23 0.18 0.08 0.21
RRT
Time MW =528 Mino MW=556 MW =597
(Hrs) 0.76 1.25 1.64 1.67 1.85 2.25 145 Total
1 BRL BRL 0.11 0.08 0.08 BRL 0.08 0.38
4  BRL BRL 0.07 0.14 0.08 BRL 0.08 0.78
8  0.05 BRL 0.11 0.17 0.09 BRL 0.07 1.12
12 0.06 BRL 0.07 0.20 0.09 BRL 0.09 1.34
24 0.10 0.05 0.11 0.23 0.10 0.07 0.08 2.09
Run #H: Tigecycline 20 mg/mL, (Temperature 5° C., pH 7.9, Oxygen = 1.0 mg/L)
RRT
Time Strength MW =633 MW=572 MW=601 MW =383 9-Amino Epimer
(Hrs) (mg/mL) 0.12 0.23 0.50 0.55 0.58 0.64 0.74
1 19.457 BRL BRL BRL BRL 0.09 BRL 0.19
4 19.441 BRL BRL BRL BRL 0.09 BRL 0.20
8 19.361 BRL BRL BRL BRL 0.09 BRL 0.19
10 19.44°7 BRL 0.07 BRL BRL 0.09 BRL 0.25
12 20.119 0.05 0.08 BRL BRL 0.09 BRL 0.27
24 19.319 BRL 0.11 0.06 0.035 0.09 BRL 0.23
RRT
Time MW =557 Mino MW=55 MW =597
(Hrs) 0.76 0.78 1.64 1.67 1.85 1.12  1.45 1.58 TTotal
1 BRL BRL 0.12 BRL 0.07 BRL 0.09 0.06 0.60
4  BRL BRL 0.09 0.05 0.08 0.11 0.07 BRL 0.70
8 BRL BRL 0.10 0.07 0.08 BRL 0.07 0.06 0.66
10  0.05 BRL 0.11 0.12 0.08 BRL 0.07 0.06 0.90
12 0.06 BRL 0.10 0.06 0.09 BRL 0.09 BRL 0.87
24 BRL BRL 0.15 0.12 0.10 BRL 0.05 0.06 1.03
Run #I: Tigecycline 20 mg/mL, (Temperature 5° C., pH 7.9, Oxygen = 1.0 mg/L)
RRT
Time Strength MW=633 MW=5372 MW=601 MW =383 9-Amino  Epimer
(Hrs) (mg/mL) 0.12 0.23 0.50 0.55 0.58 0.64 0.74
1 19.263 BRL BRL BRL BRL 0.08 BRL 0.19
4 19.361 BRL BRL BRL BRL 0.09 BRL 0.21
8 19.131 BRL BRL BRL BRL 0.06 BRL 0.18
10 19.204 0.05 0.07 BRL 0.05 0.08 BRL 0.29
12 19.151 0.06 0.07 BRL BRL 0.07 BRL 0.26
24 19.242 BRL 0.12 0.07 0.06 0.10 BRL 0.23
RRT
Time MW =557 Mino MW=556 MW =597
(Hrs) 0.76 0.78 1.64 1.67 1.85 1.12  1.45 1.58 TTotal
1 BRL BRL 0.13 BRL 0.06 BRL 0.09 BRL 0.54
4  BRL BRL 0.10 0.05 0.09 BRL BRL BRL 0.54
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Run #I: Tigecycline 20 mg/mL, (Temperature 5° C., pH 7.9, Oxygen = 1.0 mg/L)
8 BRL BRL 0.09 0.05 0.08 BRI. 0.07 BRL 0.53
10 0.06 BRL 0.08 0.08 0.10 BRL. 0.07 0.06 0.9%
12 BRL BRL 0.08 BRL 0.09 BRI. 0.07 BRL 0.71
24  BRL BRL 0.11 0.09 0.10 BRI. 0.08 BRL 0.96
Tigecycline 20 mg/ml., Run #J, (8° C. temperature, Oxygen = 1.0 mg/ml.)
RRT
Time Strength 572 601 583 Epimer MW =557 MW =528 Mino MW =556 MW = 597
(Hrs) (mg/ml) 0.09 0.23 0.50 0.55 0.58 0.74 0.78 1.25 1.64 1.67 1.85 1.45 Total
1 19.515 BRL BRL BRL BRL 0.06 0.20 BRL BRL 0.11 0.09 0.09 0.08 0.62
4 19.469 BRL 0.09 0.05 0.08 0.06 0.22 BRL BRL 0.09 0.17 0.08 0.06 0.90
8 19.323 BRL 0.14 0.09 0.08 0.06 0.22 BRL BRL 0.09 0.15 0.10 0.07 1.00
12 19.140 BRL 0.20 0.12 0.09 0.06 0.24 BRL BRL 0.10 0.19 0.11 0.06 1.17
24 19.152  0.05 0.39 0.20 0.14 0.08 0.28 0.07 0.08 0.11 0.21 0.10 0.05 1.76
Run #K.: Tigecycline 20 mg/ml., (Temperature 2° C., pH 8.2, Oxygen = 0.1 mg/L.)
RRT
Strength MW= MW= MW= MW= 0- Epi- MW = MW= MW=
Time  (mg/ 633 572 601 583 Amino mer 557 Mmoo 356 597
(Hrs) mL) 0.12 0.23 0.50 0.55 0.58 0.64 0.74 0.76 0.78 1.64 1.67 1.85 1.12 145 1.58 TTotal
1 19.187 BRL BRL BRL BRL 0.08 BRL 0.16 BRL BRL 0.12 BRL 0.08 BRI. 0.08 BRIL 0.51
4 19.324 BRL BRL BRL BRL 0.08 BRL 0.18 0.06 BRL 0.13 BRL 0.08 BRI. 0.08 BRL 0.61
8 19.127 BRL BRL BRL BRL 0.07 BRL 0.18 0.08 BRL 0.13 BRL 0.08 BRI. 0.08 BRIL 0.63
10 20.357 BRL BRL BRL BRL 0.07 BRL 0.19 BRIL BRL 0.15 BRL 0.10 BRI. 0.08 BRIL 0.59
12 19.956 BRL BRL BRL BRL 0.08 BRL 0.22 BRL BRL 0.10 BRL 0.09 BRIL. 0.09 BRIL 0.56
24 19.067 BRL BRL BRL BRL 0.08 BRL 0.17 BRL BRL 0.14 BRL 0.08 BRI. 0.08 BRIL 0.55
Run #1.: Tigecycline 20 meg/ml., (Temperature 2° C., pH 7.7, Oxygen = 0.1 mg/1.)
RRT
Strength MW= MW= MW= MW= 0- Epi- MW = MW= MW=
Time  (mg/ 633 572 601 583 Amimmo mer 557  Mino 336 597
(Hrs) mL) 0.12 0.23 0.50 0.55 0.58 0.64 0.74 0.76 0.78 1.64 1.67 1.85 1.12 145 1.58 TTotal
1 19.23 BRL BRL BRL BRL 0.08 BRL 0.17 BRL BRL 0.14 BRL 0.07 BRI. 0.08 BRIL 0.53
4 19.053 BRL BRL BRL BRL 0.08 BRL 0.17 BRL BRL 0.15 BRL 0.08 BRI. 0.07 BRL 0.54
8 18.988 BRL BRL BRL BRL 0.08 BRL 0.17 0.05 BRL 0.13 BRL 0.08 BRI. 0.08 BRL 0.60
10 19.424 BRL BRL BRL BRL 0.07 BRL 0.22 0.05 BRL 0.13 BRL 0.08 BRI. 0.07 BRL 0.62
12 19.448 BRL BRL BRL BRL 0.07 BRL 0.23 BRL BRL 0.14 BRL 0.08 BRI. 0.07 BRL 0.58
24 19.156 BRL BRL BRL BRL 0.09 BRL 0.21 BRL BRL 0.13 BRL 0.09 BRI. 0.08 BRL 0.61
Run #M: Tigecvcline 20 meg/ml., (Temperature 8° C., pH 7.7, Oxygen = 0.1 mg/L.)
RRT
MW= MW= MW= MW= 0- Epi- MW = MW= MW=
Time Strength 633 572 601 583 Amino mer 557 Mo 356 597
(Hrs) (mg/ml) 0.12 0.23 0.50 0.55 0.58 0.64 0.74 0.76 0.78 1.64 1.67 1.85 1.12 145 1.58 TTotal
1 19.270 BRL BRL BRL BRL 0.08 BRL 0.20 0.06 BRL 0.14 BRL BRI. BRIL. BRL BRL 047
4 19.340 BRL BRL BRL BRL 0.07 BRL 0.23 0.06 BRL 0.08 BRL 0.06 BRI 0.06 BRIL 0.57
8 19.238 BRL BRL BRL BRL 0.08 BRL 0.24 0.06 BRL 0.11 BRL 0.06 BRI. 0.07 BRL 0.62
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-continued

Run #M: Tigecvcline 20 meg/ml., (Temperature 8° C., pH 7.7, Oxygen = 0.1 mg/1.)

RRT
MW= MW= MW= MW= O- Epi- MW = MW= MW=
Time Strength 633 572 601 583 Amino mer 557 Mmoo 5356 597
(Hrs) (mg/ml) 0.12 0.23 0.50 0.55 0.5% 0.64 0.74 0.76 0.7%8 1.64 1.67 1.85 1.12 1.45 1.58 Total
10 19.240 BRL BRL BRL 0.09 0.07 BRL 0.25 0.05 BRL  0.09 (<0.05) 0.0%8 BRL. 0.07 BRL 0.71
12 19.240 BRL BRL BRL 0.07 BRL. BRL  0.27 0.05 BRL  0.12 0.07 0.08 BRL. 0.07 BRL 0.73
24 19.193 BRL BRL BRL BRL 0.0% BRL 0.29 BRL BRL 0.09 (<0.05) 0.0%8 BRL. 0.09 BRL 0.62
Run #N: Tigecycline 20 mg/mL., (Temperature 8° C.. pH 8.2, Oxvgen = 0.1 mg/L.)
RRT
Q-
MW= MW= MW= MW= Ami- Epi- = MW= MW=
Time Strength 633 572 601 583 no mer 557 Mino 556 597
(Hrs) (mg/ml) 0.12 0.23 0.50 0.55 058 0.64 074 0.76 0.78 1.64 1.67 1.85 1.12 1.45 1.58 TTotal
1 19.343 BRL BRL BRL BRL 0.07 BRL 020 BRL BRL (<0.05) BRL 0.11 BRL. 0.07 BRL 046
4 19.37%8 BRL BRL BRL BRL 0.07 BRL 0.21 BRL BRL 0.10 BRL 0.09 BRL. 0.07 BRL 0.54
8 19.275 BRL BRL BRL BRL 0.07 BRL 0.22 BRL BRL 0.08 BRL 0.08 BRL 0.08 BRL 0.53
IR 19.415 BRL BRL BRL 0.06 0.06 BRL 0.29 0.05 BRL 0.0%8 BRL 0.09 BRL. 0.09 BRL 0.72
12 19.382 BRL BRL BRL 0.07 0.06 BRL 031 BRL BRL 0.11 0.07 0.08 BRL 0.08 0.05 0.83
24 19.211 BRL BRL BRL BRL 0.06 BRL 031 BRL BRL 0.13 0.07 0.11 BRL. 0.10 0.05 0.82
30
2. The manufacturing process according to claim 1 wherein
a solution of tigecycline i step b of the process 1s at a
concentration of about 20 mg/ml.
Tigecycline 20 glg/ mL, R3“1#0=/(5 L?' Temperature, 3. The manufacturing process according to claim 1 wherein
AVECIL = V. 1 IT1E/111 ‘ .
35 1n step d of the process 50 mg to 150 mg of reconstitutable
RRT powder 1s 1n the vial.
4. The process according to claim 1 wherein 1n step b the
| | - MW= solution of tigecycline 1n water 1s equal to or greater than 80
Time  Strength Epimer Mino 597 [
(Hrs) (mg/ml) 0.58 0.74 076 1.64 1.85 1.45 Total : ‘ ‘ ‘
40 5. The process according to claim 1 step a wherein the
1 1&.777 007 021 0.0 008 008 007 0.56 oxygen level in water is at 0.5 ppm or less by sparging with
4 18.971 0.09 0.23 BRL 0.08 0.08 0.07 0.53 nitrocen
8 19.051  0.09 0.23 BRL 0.06 0.09 0.09 0.55 - _ _ _
12 18722 007 024 BRL 008 010 007 0553 6. The process according to claim S5 wherein the oxygen
24 19.238 0.07 025 BRL 0.11 006 007 0.56 level in water in step a 1s at about 0.4 ppm or less by sparging
45 with nitrogen.

What 1s claimed 1s:
1. A manufacturing process for the production of tigecy-

cline as a reconstitutable powder having less than 0.9% total

degradants comprising the steps:

a. reducing and maintaining the oxygen level 1n water for
injection to less than or equal to 0.5 ppm while main-
taining the temperature at about 2° C. to about 8° C.;

b. forming a solution of tigecycline 1n said water of step a
at a concentration of about 10 to 50 mg/ml while main-

taining said temperature and oxygen level,;

c. filling vials with said solution of step b;

d. lvophilizing said solution of step ¢ forming 25 mg to 150
mg of reconstitutable powder 1n a vial;

¢. sealing said vial under nitrogen.

50

55

7. A process according to claim 6 wherein the oxygen level
in step a 1s about 0.1 ppm or less by sparging with nitrogen.

8. The process according to claim 7 wherein the reconsti-
tutable powder has less than 0.5% total degradants.

9. A process according to claim 1 wherein the tigecycline
powder available for reconstitution prior to intravenous
administration has a shelf life of at least 18 months.

10. The process of claim 1 wherein the process has a total
manufacturing hold time for the solution formed 1n step b of
about 13 hours to about 24 hours.

11. The process of claim 10 wherein the process has a total
manufacturing hold time for the solution formed 1n step b of
about 13 hours.
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